Abstract Global warming and climate change are a cause for great concern demanding intensive research on CO 2 emission from soil under different management options. Therefore, a pot experiment was conducted using 0.25 g C 100 g -1 soil from rice straw, rice root, cowdung, and poultry manure to quantify CO 2 emission under alternate wetting and drying and continuously moist conditions. The maximum emission was recorded during the first week of incubation and after 3 weeks, it came down sharply and finally approached almost zero to 5 mg CO 2 day -1 kg -1 irrespective of organic materials and water management. Among the organic materials, cowdung released less CO 2 and increased carbon content in soil. During 118 days of incubation, cumulative emissions were 158, 313, 366, 283, 576 mg CO 2 100 g -1 from soil, soil plus rice straw, soil plus rice roots, soil plus cowdung, and soil plus poultry manure, respectively. Alternate wetting and drying condition released more CO 2 than that under continuously moist condition. Application of cowdung in agriculture can restrict CO 2 emission. From the findings it could be apprehended that before application to soil, composting of organic materials through anaerobic digestion might be the best option to reduce CO 2 emission, and thus help mitigate global warming.
Introduction
Carbon dioxide (CO 2 ) is an important greenhouse gas accounting for 60 % of the total greenhouse effect [17] . It is well known that vegetation and soils are major storage sinks of atmospheric CO 2 [4] . In the last few decades, there has been an increase in the emission of naturally occurring greenhouse gases like CO 2 , methane (CH 4 ), and nitrous oxide (N 2 O). These gases trap outgoing infrared radiation from the earth's surface. Human health, terrestrial and aquatic ecological systems, agriculture, forestry, fisheries, and water resources are sensitive to changing climate. The concentration of CO 2 in the atmosphere has increased from 280 ppmv at beginning of the industrial revolution to the present day value of 391 ppmv [25] . This increase is attributed to the anthropogenic activities like agriculture and land use changes, burning of fossil fuel, deforestation, emission from automobiles, forest fires, etc. Soil organic carbon (SOC) is of paramount importance with respect to availability of plant nutrients and improvement of physical, chemical, and biological properties of soils [9] . Maintenance of SOC is essential for the sustainable agricultural production as declining soil C generally decreases crop productivity [11] . The SOC pool in agricultural lands is capable of enhancing agricultural sustainability and serving as a potential sink of atmospheric CO 2 [5] . Carbon stocks are not only critical for the soil to perform its productivity and environmental functions but also play an important role in the global C cycle. Soil C sequestration can improve soil quality and reduce the contribution of agriculture to CO 2 emissions.
Concentration of CO 2 in the atmosphere has been increasing at the rate of 3.2 9 10 15 g C year -1 [6] , where the contribution of agriculture and land use change is 20 % [10] . To offset climate change, the emissions of CO 2 and other greenhouse gases must be reduced. The rate of soil carbon emission is strongly regulated by the amount and types of organic materials added to soil and the complex interaction among soil physical, chemical, and biological processes and environmental conditions like temperature, alternate wetting and drying, etc. [1, 12] . Carbon dioxide is released from the soil through soil respiration, where soil microflora contributes 99 % of the CO 2 arising from decomposition of organic matter under alternate wetting and drying and flooded conditions. Soil aerobic conditions produce CO 2 , while anaerobic conditions produce CH 4 depending on the concentration of SOC. Large quantities of organic carbon added to soils through different manures and wastes to supply plant nutrients may significantly contribute to CO 2 emission. However, proper management of organic manures and wastes, conservation tillage, microaggregation, and mulching can play an important role in reducing CO 2 emission, and thus increase C sequestration in soil [19] . The global concerns about the effect of climate change demand intensive research on carbon cycling, its transformation under different crops, soil and water management practices, and stability of carbon compounds in soils [16] . Emission of CO 2 from the soil results in lessening of soil organic pool, and thus exerts effects on soil structure, soil fertility, and productivity. Therefore, reducing CO 2 emission through carbon sequestration in the soil is of prime importance. Scarce information on CO 2 emission from various organic residues and manures under different water management practices has forced us to carry out the research. It was hypothesized that emission of CO 2 may vary with the types of organic residues added to soil and water management options. The objectives of the research were to determine the rates of CO 2 emission from added organic materials in soils under alternate wetting and drying and continuously moist conditions and to identify the organic material which restricts CO 2 emission in soil.
Materials and Methods
The experiment was conducted in the laboratory of Soil Science, Bangabandhu Sheikh Mujibur Rahman Agricultural University (BSMRAU), Bangladesh during MayAugust 2011.
Study Soils and Organic Materials Used
The soil used in the study was collected from the experimental farm of the BSMRAU located at 24.09°north latitude and 90.26°east longitude with an elevation of 8.4 m from the mean sea level, which is classified as shallow red brown terrace soil and inceptisols as Bangladesh and USDA classification system, respectively. The soil is under the agro-ecological zones of Madhupur Tract, which is acidic in nature having pH 6.0 and low in organic carbon (0.34 %). After collection of soil, it was air dried and ground to a suitable label for using in the experiment. The organic materials used in the study were rice straw, rice roots, cowdung and poultry manure. Before starting the experiment, soil and above mentioned organic residues and manures were analyzed for total nitrogen and organic carbon (Table 1) . Carbon contents in rice straw were the highest (40 %) followed by rice roots, poultry manure, and cowdung. Carbon contents in rice straw were almost double over that of poultry manure.
Treatments and Design
It was a two-factorial (residues 9 water management) experiment laid out in a randomized complete block design with two replications using rice straw, rice roots, cowdung, and poultry manure as a source of C at the rate of 0.25 g C 100 g -1 soil. Exactly 100 g air-dried soil was used in 1,100-ml-sized 36 airtight plastic pots. Residues were added to plastic pots as per C rates and mixed well with soil. The residues were control (soil); soil ? rice straw; soil ? rice root; soil ? cowdung; soil ? poultry manure; rice straw; rice root; cowdung; and poultry manure, while water management options were alternate wetting and drying and continuously moist conditions. The plastic pots along with residues and soil were incubated at a temperature of 24°C, which was maintained from 8 a.m. to 12 p.m. throughout the experimental period through an air condition.
Carbon Dioxide Emission Measurement
Carbon dioxide emission was measured by a standard method [7] . The study was conducted for 120 days (4 months). During the first 2 months, carbon dioxide emission was measured twice a week and the next 2 months once a week. A CO 2 trap was prepared using Table 1 Moisture, total nitrogen, carbon contents, and C:N ratio of residues and manure used in the experiment (mean ± SD)
Residues
Moisture content (%) NaOH solution (20 ml 1.0 N NaOH ? 25 ml distilled water) in vial for trapping CO 2 . The trap solution in a beaker was placed in the air-tight plastic pots of the experiment. For first 2 months after 4 days of exposure and the next 2 months after 7 days of exposure, the alkali beakers were removed and titrated with 0.1 N HCl solution using phenolphthalein indicator and BaCl 2 solutions. Controls for this experiment consist of plastic pot without soil and residues but with the alkali of same strength was used. The alkali solutions from the control and those exposed to soil air were titrated to determine the quantity of alkali that has not reacted with CO 2 . For this purpose, excess BaCl 2 was added to the NaOH solution to precipitate the carbonate as insoluble BaCO 3 . A few drops of phenolphthalein were added as indicator, and titrated with 0.1 N HCl directly in the beaker. The acid was added slowly to avoid contact with possible dissolution of the precipitated BaCO 3 . The volume of acid needed to titrate the alkali was noted. The amount of CO 2 evolved from the soil during exposure to alkali was calculated using the formula:
where B is the volume (ml) of acid needed to titrate NaOH in the jars from the control cylinders, V is the volume (ml) of acid needed to titrate the NaOH in the beakers exposed to the soil atmosphere, N is the normality of the acid, and E is the equivalent weight. To express the data in terms of carbon, E = 6; to express it as CO 2 , E = 22. The daily emission of carbon dioxide was expressed as mg CO 2 -day -1 kg -1 soil, while the cumulative carbon dioxide as mg CO 2 100 g -1 soil. Incubation days At the end of 4 months, i.e., 120 days soil and residue samples were collected from the plastic pots for the analysis of residual OC. Carbon balance was calculated as given below:
where input is the inherent soil carbon ? added carbon using residues and manure, and output is the carbon emission ? residual carbon in soil. Organic carbon degradation rate constant, k was calculated using the following first-order simple kinetic model [21] .
where C and C 0 are the final and initial carbon contents, respectively; t is the time, either day or year.
Statistical Analysis SPSS version 12.0 statistical software [15] was used to analyze the data. ANOVA and univariate analysis were performed.
Results and Discussion
From the trend of CO 2 emission, it was observed that in all types of residues and manures, emission drastically reduced after 1-3 weeks of incubation. The emission of CO 2 varied among the treatments corresponding with each date of sampling. The maximum emission was recorded in the first week of incubation (Fig. 1a-c) . After 3 weeks of incubation, CO 2 emission came down sharply and finally approached almost zero to 5 mg CO 2 day -1 kg -1 soil in all types of residues and manures irrespective of water management options. The lowest amount of CO 2 emission was recorded in the control pots (Fig. 1a) where only soil was used, while the highest amount found from poultry manure (Fig. 1c) . At the first 4 days of incubation under continuously moist condition, carbon dioxide emission was about 4.5 mg CO 2 day -1 kg -1 soil in the control treatment (Fig. 1a) , 26 mg CO 2 day -1 kg -1 when poultry manure added to soil (Fig. 1b) , while it was about 34 mg CO 2 day -1 kg -1 soil in the sole poultry manure applied pots (Fig. 1c) . Rice straw mixed with soil released 11 mg CO 2 day -1 kg -1 under alternate wetting and drying condition and 9 mg CO 2 day -1 kg -1 under continuously moist condition at the first 4 days of incubation (Fig. 1a) , while these values were 6 and 9 mg CO 2 day -1 kg -1 , respectively when cowdung was applied (Fig. 1b) . Poultry manure released high amount of CO 2 because it contains high amount of total nitrogen (2.09 %), and C:N ratio is low compared with other materials (Table 1) , which favors rapid microbial decomposition. Manure with higher contents of nitrogen and moisture tremendously increased CO 2 emission [13] . Moreover, poultry manure contains high amount of soluble or labile carbon. It was reported that if organic matter added to soil containing high amount of labile carbon potentially enhances CO 2 emission and thus restricts carbon accumulation in soil [23] . The trend of CO 2 emission from different organic materials where emission dropped down after 3 weeks of incubation forced us to rethink the direct use of these materials in agriculture. Anaerobic digestion and composting could be the alternative environment-friendly practice, which reduces greenhouse gases to the atmosphere and also provides biogas to replace fossil fuel and nutrient-enriched compost to be used as fertilizer. Anaerobic digestion has recently drawn attention of the scientists and policymakers to address climate change mitigation.
In general, after incorporation of residues to soils, it takes time for starting microbial activities. The study was conducted in the laboratory condition; therefore, data might not correlate with the field condition because of environmental diversity and heterogeneity. Organic matter in soil is broken down through microbial degradation, root and faunal respiration, and released CO 2 , which is influenced by many factors like soil and temperature, alternate wetting and drying, and composition of organic residues. Soil microflora contributes 99 % of the CO 2 arising as a result of decomposition of organic matter [16] . Composition of organic residues affects their microbial degradation. The presence of higher percentage of cellulose, hemicellulose, and lignin in rice straw and roots slows down its microbial decomposition and thereby limits CO 2 emission [24] . The effect of carbon source on cumulative emission of CO 2 at the end of 118 days of incubation was found to be significant, while the effect of water management and the interaction of residues and water management were found to be insignificant ( Table 2 ). The lowest cumulative emission of CO 2 (158 mg CO 2 100 g -1 ) was in the control treatment, i.e., where no residues were added, while the highest was recorded either from the only poultry manure (580 mg CO 2 100 g -1 ) or poultry manure plus soil (576 mg CO 2 100 g -1 ). The cumulative emissions from rice straw and cowdung mixed soils were 313 and 283 mg CO 2 100 g -1 , respectively, which were significantly lower than all other treatments except the control. The trends of cumulative emission of CO 2 of the treatments corresponding with each date of sampling during the incubation periods were shown in the Fig. 2a- The rates of carbon degradation were significantly affected by carbon source and water management (p \ 0.05), while the interaction effect of carbon source and water management was found to be insignificant (p [ 0.05). Carbon degradation rate constants (k) in the present study varied from 0.000429 to 0.005104 day -1 (Table 2 ). Jorgensen [8] found a k value of 0.00001-0.0008 for mineral soil. The lowest k value was found in the cowdung-applied pots, while the highest was under the rice straw-used pots. The carbon content was high in rice straw. The emission of carbon dioxide from rice straw was low, while the k value was found to be high. This could be explained in this way that the C:N ratio of rice straw is generally high, which needs several cycles of microorganism and obviously extra time to decompose it. During breakdown process, microbes use substrate carbon as a source of energy and build up their body. The biomass of bacteria, fungi, and actinomycetes are composed of 50 % carbon [2] . Therefore, large amounts of carbon will be synthesized in microbial body and therefore, less amount of carbon will be released in soil.
The emission of CO 2 as C and residual C in soils was significantly influenced by sources of carbon and water management options (Table 3 ). However, the interaction effect of carbon source and water management on carbon dioxide emission was found to be insignificant (p [ 0.05). Though the carbon contents in the rich straw and even in the roots were high, the emission of carbon dioxide, however, was higher in the poultry manure-mixed pots. During 118 days of incubation, the total amount of carbon dioxide released from only poultry manure-containing pot was 0.156 g, which was insignificantly different when poultry manure was mixed with soil. The total emission of CO 2 as C over the 118 days of incubation under the control treatment, i.e., in the pot where only 100 g soil used was only 0.043 g. Alternate wetting and drying condition was found to be more efficient to release carbon dioxide from soil over moist condition. From the carbon balance study total emission of carbon dioxide as C under alternate wetting and drying condition was recorded as 0.112 g (411 mg CO 2 ), while it was 0.104 g (381 mg CO 2 ) in case of moist condition (Table 3) , which strongly correlated with cumulative emission of CO 2 as given in the Table 2 . Data on residual C indicated that rice straw and cowdung were found to be more efficient to increase C contents in soils. On the other hand, continuously moist condition was observed to significantly increase C contents in soils relative to the alternate wetting and drying condition. Oxygen is only sparingly soluble in water and diffuses slowly [20] . Little amount of oxygen is present in saturated soils in the form of dissolved O 2 , which is quickly consumed through metabolic processes. Oxygen is used as terminal electron acceptor via respiration by roots, soil microbes, and soil organisms [18, 22] , and is lost from the soil system in the form of carbon dioxide. Heterotrophic respiration may completely deplete oxygen in submerged soils, which may be observed within only a few millimeters of the soil surface [20] . Owing to the deficiency of oxygen in flooded soils, aerobic bacteria die or remain dormant, which limits microbial transformations of organic materials and thereby reduces CO 2 emission under continuously moist condition; moreover, available carbon dioxide reduced to methane [14] . This finding is also cross checked and confirmed from organic matter degradation rate constant, k ( Table 2 ). The k value was higher under alternate wetting and drying condition than that under moist condition (Table 2) . Anaerobic recycling of wastes during the long-term incubation results in a lower net residue-C mineralization in flooded systems compared with nonflooded conditions [14] . Therefore, carbon content in soil was found to be higher under continuously moist condition, and conversely CO 2 emission was lower compared with alternate wetting and drying condition. Source of carbon, i.e., the residues significantly affected carbon balance, while, water management and interaction of residue and water management was found insignificant ( Table 3 ). The negative sign of carbon balance revealed that carbon content in soil increased, where carbon output was found to be higher than carbon input. This might be interesting for discussion. Soil is a complex and heterogeneous body where carbon cycling and its transformations are regulated by different physical, chemical, and biological activities. When plant residues and manures are applied to the soil, various organic compounds undergo decomposition. Decomposition is a biological process that includes the physical breakdown and biochemical transformation of complex organic molecules of dead material into simpler organic and inorganic molecules. The addition of residues and manures to the soil surface contributes to the biological activity and the carbon cycling process in the soil. Several generations of different microbes in this process die and add carbon in soils. Carbon cycling is the continuous transformation of organic and inorganic carbon compounds by plants and micro and macroorganisms among the soil, plants and the atmosphere. In cultivated organic soils, about 450-4,500 kg of bacteria is present in per hectare-furrow slice, while fungi are present at 1,120-11,200 kg and actinomycetes are present at 450-4,500 kg [3] . Bacteria, fungi, and actinomycetes contain 50 % carbon [2] . Therefore, a significant amount of carbon will be added to soils.
Conclusions
The peak of CO 2 emission was recorded during the first week of incubation and after 3 weeks, it came down sharply and finally approached almost zero to 5 mg CO 2 day -1 kg -1 irrespective of organic materials and water management. At the first 4 days of incubation the emission in the control treatment was about 4.5 mg CO 2 day -1 kg -1 soil, while it was about 34 mg CO 2 day -1 kg -1 from the sole poultry manure and 26 mg CO 2 day -1 kg -1 from poultry manure plus soil. The carbon contents in the rich straw and roots were high; however, the emission of CO 2 was higher in the poultry manure. Among the organic residues and manures, cowdung released less CO 2 , which was almost half of the amount released by poultry manure. Moreover, addition of cowdung increased 28 % soil carbon over poultry manure. During 118 days of incubation cumulative emission were 158, 313, 366, 283, and 576 mg CO 2 100 g -1 from only soil, soil plus rice straw, soil plus rice roots, soil plus cowdung, and soil plus poultry manure, respectively. The potential of CO 2 emissions of different treatments were in the order of poultry manure [ soil plus poultry manure [ rice root [ rice straw [ cowdung [ soil plus rice root [ soil plus rice straw [ soil plus cowdung [ soil. Under alternate wetting and drying condition more CO 2 was released than that under continuously moist condition. Data revealed that application of cowdung in agriculture can restrict CO 2 emission compared with other organic materials. From the findings, it could be apprehended that before application to soil, composting of organic materials through anaerobic digestion could be the alternative environment-friendly practice, which reduces greenhouse gases to the atmosphere and also provides biogas to replace fossil fuel and nutrient-enriched compost to be used as fertilizer. Anaerobic digestion of organic materials has recently drawn attention of the scientists and policymakers to address climate change mitigation.
